Objective: US elastography is an emerging technique that can be used during breast US examination. The increasing awareness of breast cancer led to an increase in mammography and breast US examinations. The specificity of these techniques is not high enough to prevent unnecessary biopsies. There is still a need for a more specific technique that can overcome this problem. This study aimed to evaluate the value of strain elastography in breast lesions.
Introduction
Breast screening and diagnostic breast imaging provides early diagnosis of breast cancer. Although breast imaging modalities have high sensitivity rates, there is still need for a higher specificity in imaging to rule out malignancy in incidentally found breast lesions. Especially ultrasonography (US) examination can detect more malign masses with lower specificity, which leads to a high number of unnecessary biopsies (1, 2) . US elastography, which shows the stiffness of the lesion, is being widely used in recent years. It determines the change of the size of the lesion in neutral position and under pressure. Generally, breast cancers are hard due to fibrous desmo-plastic reaction and are expected to remain stable during pressure application. There are 2 different types of techniques widely used for determination of the rigidity of the lesion with US; strain elastography and shear wave elastography techniques. In strain elastography, the observer or the patient produces the pressure either with the probe or by breathing whereas in the shear wave technique that pressure is formed by the US probe by a special sound wave, which is called shear wave (3) . In this study, we aimed to evaluate the value of strain elastography technique in breast lesions by correlation of elastographic features with histopathological results. vertical to the lesion. Compression was applied with the probe over the lesion and elastographic images were examined. The elasticity region of interest (ROI) was placed to cover the lesion and the target lesion was placed in the center.
Elastography US studies were evaluated with the color scale, which changes from blue to red according to the straining component of the examined tissue. The blue colour is seen in tissues with higher tension (soft) and red in tissues without any tension (hard). The mean tension is reflected with green color. The images of elastography were added to B-mode images. Elastography was performed by the same radiologist and the images were evaluated in real time by two radiologists. The elastography application lasted approximately 5-10 minutes and the measurement of tissue distortion was visually classified.
Elastographic images were classified according to the 5-score system of Ueno and Itoh et al (4, 5) . The lesion was classified as score 1 for even strain in the entire lesion, as score 2 for strain in most of the lesion with some areas of no strain (mosaic pattern), as score 3 for strain at the periphery of the lesion with sparing of the center, as score 4 for no strain in the entire lesion and as score 5 for no strain in the entire lesion and the surrounding area ( Figure 1-4 ). Scores 1 to 3 were considered benign while 4 and 5 were accepted as malignant.
Histopathological Diagnosis
Samples were taken with 14 G core needle biopsy or excisional biopsy and evaluated by the same pathologist. The histopathological results of lesions were correlated with the elastographic findings.
Statistical Analysis
Diagnostic sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of elastography technique were evaluated by comparing with histopathologic results. The correlation between elastographic results and histopathologic findings was tested with Fisher test. SPSS 12.0 software was used for analysis and p<0,05 was accepted as significant.
Results
In this study, 110 lesions of 96 patients were examined with US and classified according to BI-RADS for B mode findings. In 96 patients the mean age was 50 (range 19-87). The mean diameter of the lesions was 1.9 cm (range 0.5-9 cm). Core needle biopsy was performed in 102 lesions and 8 patients with single lesion underwent excisional biopsy. In US elastography, 110 lesions were scored. There were no score 1 lesions. Fifty lesions were classified as score 2, 21 lesions as score 3, 17 lesions as score 4 and 22 lesions as score 5.
The histopathological evaluation of 110 lesions showed 37 malignant lesions (33.7%) while the rest was benign. In the comparison of histopathologic findings with US elastography; all 50 lesions of score 2 were benign; 15 of 21 score 3 lesions were benign while 6 were malignant; 6 of 17 score 4 lesions were benign and 11 were malignant; 20 of 22 score 5 lesions were malignant while 2 were benign.
The sensitivity of US strain elastography was calculated as 83%, the specificity as 89%, the positive predictive value as 79% and the negative predictive value as 91% (Table 1 ). In the individual analysis for different scores; NPV was found as 100% for score 2 and 72% for score 3, and PPV was identified as 65% for score 4 and 91% for score 5.
The distribution of 37 malignant lesions were as follows; 25 (68%) invasive ductal carcinoma, 5 (13%) invasive lobular carcinoma, 4 (10%) mixed invasive ductal and lobular carcinoma, 1 (3%) solid type mucinous carcinoma, 1 (3%) invasive -atypical medullary carcinoma, and 1 (3%) intracystic papillary carcinoma.
There were 8 false positive and 6 false negative results. Among the 8 false positive lesions; 2 patients with phylloides tumor (40 mm and 50 mm in size,respectively) were interpreted as score 5, three complex fibro adenomas (10 mm, 10 mm and 20 mm in size, respectively), two intraductal papilloma (30 mm and 26 mm in size, respectively) and one lacteal adenoma (43 mm in size) were classified as score 4.
Among the 6 (16%) false negative results, one solid type mucinous carcinoma (17 mm in size), one invasive lobular carcinoma (37 mm in size), one invasive ductal carcinoma (90 mm in size), one micro invasive ductal carcinoma in situ (20 mm in size), one invasive atypical medullary carcinoma (35 mm in size) and one mixed invasive ductal and lobular carcinoma (7 mm in size) were classified as score 3. None of the malignant lesions were classified as score 2 or 1.
Discussion and Conclusions
Breast biopsy generally increases the cost per individual if used as a gold standard for differentiation of malignant and benign lesions of the breast. Especially in breast cancer screening programs, approximately 75% of breast biopsies are performed for benign lesions (1). B mode US features of breast lesions were well defined by Stavros et al. (2) which guided in the differentiation of benign and malignant breast masses, and decreased the need for biopsies. Although the sensitivity of B mode in conventional US is high (98%) for these lesions, the specificity is still low (68%) (2) . US elastography is a recent technique that may improve classification of these lesions and may increase the specificity of US. Recently US elastography became an important tool in the evaluation of soft tissues.
Ueno and Itoh (4, 5) offered the first elasticity grading system. In this 5 score classification system color spectrum changes are taken in a dynamic form, and it is suggested to have a higher specificity in differential diagnosis. This scoring system has been used in several studies and the effectiveness of elastography as an adjunct to B mode ultrasonography was investigated (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . Modified versions of Ueno's classification by Scaperrotta et al (16) and Regini et al (17) also confirmed higher specificity for US elastography. Scaperrotta et al. (16) modified the classification system that was used by Itoh et al., and suggested a grading system with 3 scores. They reported the sensitivity and specificity of this system as 80% and 80.9%, respectively. In this study, the au- thors have concluded that elastography can increase the specificity of conventional ultrasonography up to 88.7%, especially in non-palpable lesions. Although some studies did not detect an improvement in specificity with the addition of US elastography (14, 17) , a number of other studies showed an increase in specificity (6) (7) (8) (9) (10) (11) (12) (13) . Cho et al. (10) studied 100 non-palpable breast lesions and found the sensitivity as 82% and the specificity as 84%, and concluded that there were no significant differences between conventional US and elastography in the evaluation of solid breast masses. They reported that biopsy was not required in BI-RADS category 4a lesions with an elastography score of 1 (11) . Burnside et al. (18) identified an increase in the mean specificity (0.257 vice versa 0.132, P<0.001) and sensitivity (0.993 vice versa 0.997, P>0.99) when US tension imaging is compared along with Bmode US. They concluded that the inter and intra-observer variability in the evaluation of US tension imaging affected the diagnostic performance and imaging quality, and that elastography mode helped less experienced performers more than the more experienced ones in terms of detection of malignant lesions. Two recent meta-analysis on strain elastography reported sensitivity rates of 88% and 83% and specificity rates of 83% and 84% (19, 20) . Our findings are comparable with the recent literature with a sensitivity of 83% and specificity of 89%. The positive predictive value was 79% and negative predictive value was 91%.
In our study, four of six malignant lesions in the false negative group and six of eight benign lesions in the false positive group were larger than 2 cm in size. The false negative and positive results may have been due to the large size of these lesions, as reported in some previous studies (6) .
There were five benign lesions with elastography scores of 2, with at least three malignant features and were classified as BI-RADS category 4b according to B mode US. The rest 45 lesions were either BI-RADS 3 or 4a. All 50 lesions with an elasticity score of 2 were proved to be benign histopathologically, and the NPV for score 2 was calculated as 100%. We believe that lesions evaluated as score 2 can be accepted as benign, unless they present suspicious malignant features on B Mode US. If this property had been taken into consideration, the biopsy of 45 of these 50 lesions (90%) could have been prevented. Our findings are comparable with the recent literature that biopsies of BI-RADS 3 and 4 a lesions can be prevented with the aid of strain elastography (10, 21, 22) .
When histopathological results of lesions with an elasticity score of 3 are compared, 15 of 21 lesions were benign, with 6 false negative malignancies. Among these, three lesions had high risk features according to B Mode US findings on the gray scale ultrasonography and was classified as BI-RADS 4c category. One of them was identified as mixed invasive ductal and lobular carcinoma 7 mm in size, the other one as an invasive lobular carcinoma with 37 mm in size, and the last one as invasive ductal carcinoma 90 mm in size. The other 3 lesions were either BI-RADS 4a or b lesions. The histopathological findings were medullary carcinoma, mucinous carcinoma and micro invasive ductal carcinoma in situ. Although in general breast cancer is stiff, (4,8 internet) some cancer types may have benign features depending on their histopathologic subtypes and lead to misdiagnosis (5, 6, 16) . Ductal carcinoma in situ, invasive lobular, papillary, mucinous, and medullary carcinomas, and some tumors with central necrosis may be softer than invasive ductal carcinoma with a fibrous desmo-plastic reaction (5, 7, 9) . We identified similar findings in our results with a high false negative ratio (28%) in lesions with an elasticity score of 3. The evaluation of these score 3 lesions should be done with care, and they should be compared with other imaging findings. In this study, we accepted elasticity score 4 as malignant. When compared with the histopathological results; 6 of the 17 lesions were benign with a 91% false positivity rate. Three of these 6 lesions had BI-RADS 4b category and the remaining three were 4a. Especially different subtypes of fibroadenomas can show variable features sometimes depending on their development or involution phase (5, 6, 16) .
Twenty of the 22 lesions classified as score 5 by elastography were malignant. Score 5 had a high rate of PPV (91%). Both of the false positive lesions were phylloides tumors. These patients should be managed and followed-up diligently if they are found to be benign on histopathologic evaluation.
Our study limitations were as follows:
First; Most of our lesions were large in size with a diameter higher than 20 mm. There were only a few lesions smaller than 5 mm. This may be considered as a limitation as there are studies implying higher sensitivity in smaller lesions. Giuseppetti et al. (6) reported a better diagnostic performance in lesions smaller than 2 cm. On the other hand, Scaperrotta et al (16) did not find statistically significant differences in the diagnostic performance between small and large lesions. A recent meta-analysis of Sadigj G et al. (23) showed that regardless of the lesion size, US elastography had a higher specificity and lower sensitivity as compared to B mode US in characterizing breast masses.
Second; the effects of breast density and composure on elastography results were not evaluated in our study. The studies imply that extreme differences in the density of the breast parenchyma may cause false negative or positive findings as elasticity depends on the surrounding tissue (17) .
Third; there are limitations related to the technique itself. When compared to shear wave elastography, strain elastography is clearly operator dependent and depends on subjective analysis without quantitative measurements. It is crucial to keep steady compression with the probe, avoiding lateral or angulated movements, to obtain optimal images. The operator should place enough normal surrounding tissue inside the ROI for a precise assessment. Besides, intraobserver or interobserver variability was not taken into account.
US strain elastography has a high accuracy rate in the differential diagnosis of breast lesions. In this study, elastography scores 4 and 5 lesions were accepted as malignant and the sensitivity was calculated as 83%, specificity as 89%, positive predictive value as 79% and the negative predictive value as 91%. These findings demonstrate the efficacy of US elastography in routine clinical practice. Lesions with elastography score of 2 can be assessed as benign, unless they have BI-RADS scores higher than 4a, and thus unnecessary biopsies can be prevented. Lesions with elastographic score of 5 have a high risk for malignancy, so the histopathologic and radiologic correlation of these lesions must be done carefully. Follow-up for malignancy should be recommended in these patients, if biopsy findings do not reveal malignancy.
We believe that ultrasound elastography is an effective imaging technique that can be used as an adjunct for differential diagnosis of breast lesions, prior to the decision to biopsy a lesion in certain cases.
